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Abstracts / Osteoarthritis and Cartilage 22 (2014) S7–S56 S21number of steps per day. Worsening was deﬁned for the period 60-84
months as any increase in Osteoarthritis Research International (OARSI)
JSN grade (in two knees) and any increase in Whole-Organ Magnetic
Resonance Imaging (MRI) Score (WORMS) for cartilage morphology (in
one knee). For cartilage morphology, separate analyses were conducted
for medial and lateral compartments. Odds ratios (OR) and 95% con-
ﬁdence intervals (CI) for JSN and cartilage morphology were calculated
using logistic regression models. Generalized estimating equations
accounted for two knees per individual for JSN and for 5 regions per
knee for cartilage morphology. Covariates included age, sex, body mass
index (BMI), alignment, knee pain at 60 months, knee injury, and 60-
month KL grades. For cartilage morphology, 60-month cartilage mor-
phology status was additionally included as a covariate.
Results: The 1179 study participants (1019 left and 989 right knees)
(59% females) were on average 67.0 (7.6) years, with a mean BMI of
29.8 (5.3) kg/m2. Mean steps per day were 9569 (3657). At 60
months, 51.6%, 20.5%, and 27.9% of knees had KL grade 0, 1, and 2,
respectively. No signiﬁcant associations were found between activity
level at 60months and worsening of JSN or lateral cartilage morphology
between 60-84 months. For medial cartilage morphology, those in the
lowest tertile (<8103 steps per day) had signiﬁcantly higher odds of
medial cartilage worsening compared with those in the middle tertile
(8126-10580 steps per day)(OR 1.05 95% CI 1.00, 1.10). In addition, those
in the highest tertile (>10580 steps per day) showed higher odds of
worsening of medial cartilage morphology compared to those with
moderate activity level (OR 1.05 95% CI 1.00, 1.10).
Conclusion: Those in the lowest and highest tertiles of physical activity
showed a weak but signiﬁcant association with worsening of medial
cartilage morphology compared with those in the middle tertile. No
signiﬁcant associations were revealed for physical activity level and
worsening of JSN or lateral cartilage morphology in individuals with
mild osteoarthritis or at risk for knee osteoarthritis.
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THE EFFECT OF LAND-BASED EXERCISE ON PAIN AND FUNCTION
OUTCOMES IN HIP OSTEOARTHRITIS: A SYSTEMATIC REVIEW AND
META-ANALYSIS
R. Leigh y, K. Mills z, R. Ferber y. yUniv. of Calgary, Calgary, AB, Canada;
zMacquarie Univ., Sydney, Australia
Purpose: The purpose of the present systematic review and meta-
analysis was to 1) determine the efﬁcacy of exercise on pain and
function outcomes (self-report and performance-based) in individuals
with hip osteoarthritis (OA) and 2) to determine if the point estimate of
effect of exercise changes when exercise is semi-tailored and/or when
recruitment is limited to hip OA subjects only (and not knee OA).
Methods: Electronic databases were searched for randomized con-
trolled trials (RCTs) that investigated the effect of land-based exercise
on pain, self-reported and performance-based physical function out-
comes in individuals with hip OA. RCTs that included subjects with a
radiographic or clinical diagnosis of unilateral or bilateral hip OA were
eligible for inclusion in the present review. Only RCTs that compared
the effect of a land-based exercise program (e.g. strengthening,
stretching, aerobic, balance training) with a control group were eligible
for inclusion.Group means, standard deviations, and sample sizes were
extracted from each study. From these data, mean differences, stand-
ardized mean differences (SMD ¼ mean difference divided by the
pooled standard deviation) and their 95% conﬁdence intervals were
calculated. When 2 studies measured the same outcome at time
points within 6-weeks of each other, meta-analyses of their SMDs
were performed in Cochrane Review Manager (V5.2) using an inverse
variance random effects model. Conﬁdence intervals that included
zero were interpreted as having no effect.An a priori sub-group anal-
ysis of treatment effect was performed in studies that recruited hip OA
patients only (and not knee OA). A post-hoc sub-group analysis
examined whether semi-tailored/hip-speciﬁc exercise programs (as
seen in the more recent RCTs) resulted in different treatment effects as
compared with programs that previously prescribed generic lower
extremity exercises. This analysis was performed given the effort made
in recent RCTs to tailor hip OA treatments to subject assessment
ﬁndings.
Results: Following a comprehensive search strategy, 8 studies were
included in the review. All studies scored 7/10 on the PEDro quality
index tool. No evidence of publication bias was found for pain out-
comes. Pooled data revealed that exercise interventions had no effect onpain outcomes (SMD ¼ -0.15 (-0.60 to 0.29) post-intervention or at
follow-up (SMD ¼ -0.15 (-0.55 to 0.25)) when compared with controls.
There was also no effect of exercise on self-reported function post
intervention (SMD ¼ -0.10 (-0.41 to 0.22), at 6-months (SMD ¼ -0.13
(-0.43 to 0.18) or 10-12 months follow-up (SMD ¼ -0.15 (0.55 to 0.26)).
Pooled data revealed exercise had no effect on performance-based
physical function outcomes post-intervention or at follow-up. Results of
the sub-analyses revealed isolated recruitment to individuals with only
hip OA did not alter the results of the initial analysis. Exercise continued
to have no effect on pain outcomes post-intervention (SMD ¼ -0.04
(-0.55 to 0.48)) or at follow-up (SMD ¼ -0.20 (-0.84 to 0.44)) and there
was no effect on functional outcomes. However, when only those
studies that prescribed a semi-tailored exercise program were consid-
ered, data pooling of revealed that exercise resulted in moderate
improvements in pain (SMD ¼ -0.78 (-1.21 to -0.35)) immediately post-
intervention.
Conclusions: Low risk of bias studies provided no evidence of an effect
of land-based exercise on pain and function (both self-reported and
performance-based) post-intervention. This lack of effect was also
observed when studies limited recruitment to hip OA subjects only.
However, exercise that is based on patient assessment ﬁndings (semi-
tailored) does appear to impart a moderate beneﬁcial effect on pain
post-intervention and should be considered an important component
of exercise based interventions in hip OA populations.
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PSYCHOSOCIAL FACTORS AND PAIN EXACERBATION IN KNEE
OSTEOARTHRITIS: A WEB BASED CASE-CROSSOVER STUDY
D.J. Hunter y, K. Bennell z, J. Makovey y, B. Metcalf z, J. Chen y, L. March y,
F. Keefe x, A. Williams k, Y. Zhang{. yUniv. of Sydney, St Leonards,
Australia; zUniv. of Melbourne, Melbourne, Australia; xDuke Univ.,
Durham, NC, USA; kUniv. of New South Wales, Kensington, Australia;
{Boston Univ., Boston, MA, USA
Purpose: While pain from knee osteoarthritis (OA) has long been
considered a persistent condition, the symptoms experienced by OA
patients are neither constant nor stable. If the risk factors for these pain
exacerbations could be identiﬁed and avoided, many such episodes
could be prevented. A range of psychological and social environmental
processes can potentially affect a patient’s response to pain. Using aweb
based case-crossover approach, we evaluated whether psychosocial
factors (speciﬁcally pain coping and mood) are risk factors for pain
exacerbations in people with knee OA.
Methods: Participants with a diagnosis of symptomatic knee OA (i.e.,
Kellgren and Lawrence> 2 or radiographic patellofemoral OA and knee
pain on most days on the past month) were recruited and followed for
3 months at 10 day intervals (control periods). Subjects were
instructed to log on to the study website if they experienced a knee
pain exacerbation during the follow-up period (hazard periods). Via
the internet we collected data on triggers occurring during “control
periods” (i.e., periods without pain exacerbation) and “hazard periods”
(i.e., periods immediately preceding the pain exacerbation). Pain
exacerbation was deﬁned as an increase of 100 units in a subject’s
WOMAC knee pain score (VAS 0-500) over the follow-up from his/her
mildest pain score reported at the baseline visit. We collected data on
potential triggers, including psychosocial factors, on 1 day prior, 2 days
prior, and 3-7 days prior to the index dates (i.e., date of pain exacer-
bation for hazard period, and date of data assessment for control
periods). We assessed daily mood (Negative/ Positive) using the Proﬁle
of Mood States (PANAS) and pain coping in the previous 30 days using
the Pain Coping Inventory. We examined the relation of psychological
factors to the risk of pain exacerbation using the conditional logistic
regression model.
Results: Of 267 participants (women: 61%, mean age: 62 years, mean
BMI: 29.8 kg/m2) recruited in the study, 160 subjects experienced at
least one episode of knee pain exacerbation. Of them 46 subjects had
their pain coping assessed 30-days apart between some case periods
and control periods. Higher negative affect (mood items e.g., distressed,
irritable, nervous) and passive coping strategies (e.g. of items. I restrict
my social activities; I focus on the location and intensity of pain) were
signiﬁcantly associated with increased risk of ﬂares (Table). In contrast
higher positive affect (mood items e.g., excited, proud, inspired) score
and active coping strategies (e.g. of items. I stay busy or active, I clear my
mind of bothersome thoughts) trended to an association with a pro-
tective effect from pain exacerbation.
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clinically important predictive association exists between worsened
scores on psychosocial measures (negative mood and the use of pas-
sive coping strategies) and OA pain ﬂares. Further work to better
elucidate this connection will be important, as psychosocial factors
such as mood and pain coping are modiﬁable and may represent an
important target for efforts designed to prevent and treat OA pain
ﬂares.Fig. 1. MI macrophage conditioned medium (CM) inhibits chondrogenic
gene expression by MSCs. *¼p<0.005, **¼p<0.001.
Table
Association of psychosocial factors with pain exacerbation
OR (95% CI) p value
Mood
Positive affect score (10-50) 1.04 (1.00, 1.09) 0.059
Negative affect score (10-50) 0.001
10 1.00
11–12 1.46 (0.87, 2.45)
13 2.94 (1.64, 5.27)
Positive/negative affect score ratio 0.62 (0.45, 0.86) 0.004
0.5
Pain coping inventory:
PCI-passive coping (0-24) 1.36 (1.09, 1.69) 0.006
PCI-active coping (0-20) 0.82 (0.66, 1.01) 0.0630
THE IMPACT OF SYNOVIAL MACROPHAGE POLARISATION STATE ON
CHONDROGENIC DIFFERENTIATION OF MESENCHYMAL STEM CELLS
N. Fahy y,z, M.L. de Vries-van Melle z, J. Lehmann z, N. Grotenhuis x,
E. Farrell y,k, M. Murphy y, P.M. van der Kraan{,
Y.M. Bastiaansen-Jenniskens z, G.J. van Osch z,x. yRegenerative Med. Inst.,
Natl. Univ. of Ireland, Galway, Galway, Ireland; zDept. of Orthopaedics,
Erasmus MC, Univ. Med. Ctr., Rotterdam, Netherlands; xDept. of
Otorhinolaryngology, Erasmus MC, Univ. Med. Ctr., Rotterdam,
Netherlands; kDept. of Oral and Maxillofacial surgery, Erasmus MC,
Univ. Med. Ctr., Rotterdam, Netherlands; {Dept. of Rheumatology,
Radbound Univ. Med. Ctr., Nijmegen, Netherlands
Purpose: Mesenchymal Stem Cells (MSCs) are considered a promising
cell type for the repair of damaged cartilage due to their chondrogenic
differentiation potential. However, during cartilage repair in vivo,
chondrogenically differentiating MSCs will be exposed to an inﬂam-
matory environment caused by osteoarthritis (OA) or as a response to
trauma. The release of pro-inﬂammatory mediators by inﬂamed syno-
vium may accelerate cartilage matrix degradation and impede cartilage
repair. Osteoarthritic synovial ﬂuid and medium conditioned by
osteoarthritic synovium explants have been reported to inhibit the
chondrogenic differentiation of MSCs. However, the mechanism
responsible for this effect remains unclear. Synovium consists of
synovial ﬁbroblasts and macrophages. The aim of this study was to
investigate how synovial macrophages and their speciﬁc polarisation
state contribute to the inhibitory effect of OA synovium on MSC
chondrogenesis.
Methods: Human OA synovial tissue (n¼6) was cut in to pieces
between 1-3 mm2, and 200 mg of tissue was cultured in 1 ml of
serum-free medium. Conditioned medium (CM) was harvested fol-
lowing 3 days of culture. Additionally, synovial tissue was digested
and ﬁbroblast or macrophage-enriched fractions were isolated based
on the rapid adhesion of macrophages to tissue culture plastic. Each
fraction was cultured for 24 hr prior to harvesting CM. Immunohis-
tochemical staining for CD11c as a marker of pro-inﬂammatory (M1)
macrophages, and CD206 as a marker of anti-inﬂammatory (M2)
macrophages, was performed on OA synovium sections (n¼6). Human
peripheral blood derived monocytes (n¼3) were stimulated with IFN-
g (10 ng/ml) & LPS (100 ng/ml) or IL-4 (10 ng/ml) for 72 hr for dif-
ferentiation towards an M1 or M2 phenotype, respectively. Macro-
phages were further cultured for 24 hr in serum-free medium without
additional cytokines prior to harvesting of CM. Human MSCs were
encapsulated in 1.2% alginate and cultured in chondrogenic medium.
Following 14 days of culture, 5% Synovium CM, 10% synovial macro-
phage or ﬁbroblast CM, or 20% M1 or M2 CM was added for 3 days.
The expression of chondrogenic genes collagen II (COL2) and aggrecan
(ACAN), and the production of glycosaminoglycan (GAG) was
assessed.Results: Medium conditioned by OA synovial explants inhibited
chondrogenic gene expression by MSCs compared to untreated chon-
drogenic MSCs (74%  22.2% inhibition of COL2, 23%  28.4% of ACAN),
and signiﬁcantly decreased GAG content of MSCs that were cultured for
28 days. OA synovium contained both M1 and M2 polarised macro-
phages and secreted both M1- and M2-associated factors, although
with high variability between donors. Additionally, medium con-
ditioned by a synovial macrophage enriched population down-regu-
lated chondrogenic gene expression by MSCs; this effect was not
observed with medium conditioned by a synovial ﬁbroblast enriched
cell population. Furthermore, medium conditioned by M1 polarised
macrophages but not M2, signiﬁcantly reduced COL2 and ACAN gene
expression by MSCs (Fig. 1).
Conclusion: We have conﬁrmed the inhibitory effect of OA synovium
on MSC chondrogenesis and our ﬁndings identify M1 polarised mac-
rophages as the major mediators of this anti-chondrogenic effect.
Modulation of synovial macrophage phenotype may serve as a valuable
approach to attenuate the negative impact of OA synovium on MSC-
based cartilage repair strategies.31
T CELLS IN THE INFRAPATELLAR FAT PAD OF OSTEOARTHRITIS
PATIENTS AS A SOURCE OF IL-6 IN THE JOINT
A.J. de Jong, J.C. Kwekkeboom, S.N. Andersen, M. Kloppenburg, R. Toes,
A. Ioan-Facsinay. Leiden Univ. Med. Ctr., Leiden, Netherlands
Purpose: Obesity is associated with the development and progression
of osteoarthritis (OA). Although the underlying mechanism is still
unknown, it is believed that obesity-associated adipose tissue inﬂam-
mation could play a role in this association. The infrapatellar fat pad
(IFP) is an adipose tissue organ present in the knee. Its localization, next
to the synovium and cartilage, suggests that it could play a role in the
pathological joint processes in OA. Previous studies have shown that
obesity-associated changes do occur in IFP. This supports the hypothesis
that IFP could mediate the association between obesity and OA. Inter-
estingly, these changes seemed to be present in the stromal vascular
fraction (SVF) rather than adipocytes. To get insight into the underlying
mechanisms, we characterized the cells present in SVF of the IFP in knee
OA patients.
Methods: IFP samples were obtained from knee OA patients (N¼43)
undergoing joint replacement surgery (58.1% women, mean (SD) age
66.4 years (10.9); mean (SD) BMI 29.2 kg/m2 (5.7)). The SVFwas isolated
and cells were characterized based on surface markers expression and
cytokine production using ﬂow cytometry. Correlations were calculated
using Spearman’s correlation test.
Results: Characterization of the SVF of IFP showed the presence of
various immune cells in this tissue including macrophages, T cells, B
cells and mast cells, whereby macrophages and T cells were most
abundant. Previous research has shown that CD4þ T cells are important
in controlling adipose tissue inﬂammation. Therefore, we further
determined the phenotype of CD4þ T cells in IFP. Cytokine production of
CD4þ T cells within the SVF was assessed ﬁrst. Polyclonal stimulation of
SVF cells indicated that CD4þ T cells could secrete primarily IFNg, TNFa
and IL-6, with little IL-10 and IL-4. Surprisingly, CD4þ T cells secreted IL-
6 also in the absence of ex vivo stimulation, but no IFNg and TNFa. This
indicated that IL-6 secreting T cells have an activated phenotype. To
further expand these ﬁndings, we studied the activation markers,
CD40L, CD69 and CD25, on freshly isolated SVF. All these markers could
be detected at different levels on CD4þ T cells from different patients.
Approximately 30% of the IL-6-secreting T cells were also positive for
CD69, suggesting that they were recently activated. Moreover, the fre-
quency of IL6 producing T cells correlated with the frequency of
